ABSTRACT. Novel phosphorylated derivatives of ribavirin 5-16 were synthesized by the reaction of 4-nitrophenyl phosphorodichloridate with various amino acid esters in the presence of triethylamine in dry tetrahydrofuran through the intermediates 3. On further reaction of 3 with ribavirin in THF and pyridine in the presence of TEA afforded the title compounds 5-16. Their structures were characterized by IR, 1 H,
INTRODUCTION
Breast cancer is the most malignancy and the second leading cause of cancer deaths in women today.
1,2 Mammography is the most effective tool for screening and early detection of breast cancer in women. 3 Estrogens play crucial roles in breast cancer development and growth, and estrogen-stimulated growth in tumor cells requires estrogen receptors (ERs). 4 About two-thirds of human breast tumors reveal higher levels of ERs than normal breast tissues.
5
Inhibitions of proliferative pathways are considered as an effective strategy to fight cancer and much attention has recently been paid to the discovery and development of new, more selective anti-cancer drugs.
Structure modification of ribavirin represents a promising approach in the search for new antiviral agents. Ribavirin (1-β-D-ribofuranosyl-1,2,4-triazole-3-carboxamide) is a purine analogue, a commonly used antiviral drug. 6 Ribavirin is effective for suppressing gene dysregulation in patients with prostate, breast, colon, stomach, head and neck cancer. 7 The antiviral activity of ribavirin and its clinical applications have been reviewed. [8] [9] [10] McCormick and co-workers have reported that ribavirin inhibits the replication of HIV in human T lymphocytes at 50 pg/mL. Several derivatives of ribavirin have been synthesized, 11, 12 including the 2',3'-dideoxy-ribavirin. 13 Among these, 1-β-D-ribofuranosyl-1,2,4-triazole-3-carboxamide hydrochloride, was also reported by Robins et al., 11 and is of considerable interest as an antiviral agent as well. Ribavirin in combination with a interferon for the treatment of patients with chronic hepatitis C 14, 15 have been reported. We proposed that ribavirin phosphorylated derivatives might have interesting bio activities such as anti-cancer activity. Thus we synthesized ribavirin phosphorylated derivatives and evaluated their preliminary breast cancer (MCF-7) activity in vitro.
RESULTS AND DISCUSSION
Chemistry 4-Nitrophenyl phosphorodichloridate was reacted with various amino acid esters at -5 o C under nitrogen atmosphere in the presence of TEA in dry THF (Scheme 1). The progress of the reaction was monitored by thin layer chromatography (TLC). After completion of the reaction (2 h), a solution of ribavirin in pyridine (20 mL) and triethylamine was added to the reaction mixture and the reaction was maintained at 40-50 o C for 36 h with stirring. After the reaction was completed, TEA hydrochloride was removed by filtration and the solvent was removed in a rotaevaporator. The residue was dissolved in chloroform and washed with 1M hydrochloric acid, followed by saturated sodium bicarbonate solution and water. The organic phase was dried over MgSO 4 and evaporated under vacuum, and the residue was purified by column chromatography on silicagel using 5% methanol in chloroform as 953 eluent. Pooling and evaporation of appropriate fractions gave the products 5-16 with high yields (69-78%).
The chemical structures of all the title compounds 5-16 were characterized by IR, C-NMR, the P-O-CH 2 resonated as a doublet at δ 48.9-64.0 (J=7.8 Hz). 21 The carbamide carbon (-CONH 2 ) gave signal at δ 163.1-163.6. The chemical shift of triazole carbon appeared at down field δ 143.0-143.5.
31
P-NMR signals were observed in the region δ -7.11 to -28.23.
18,22
Cytotoxicity Studies on ribavirin revealed that this anti-viral drug showed promising activity against cancerous cells.
7 In this context, it was interesting to investigate the anticancer property of ribavirin. So, we forwarded a step in phosphorylating ribavirin and various bioactive moieties were added to phosphorylated ribavirin in order to increase their activity against cancerous cells. To our surprise, we observed that all the phosphorylated derivatives of ribavirin showed good activity against MCF-7 cell lines when compared to the parent drug ribavirin and the positive control (Doxorubicin hydrochloride). The potent activity of these derivatives was performed by two types of assays Trypan blue and MTT, and their prominent cell viability (CV) in micro gram concentrations of the compounds are given in Tables 1, 2 and 3. Structure-activity relationship (SAR) of these phosphorylated derivatives of ribavirin is explained based on the nature of moieties attached to particular derivatives. As phosphorylation of ribavirin itself enhances the activity to a greater extent, addition of different bio-active moieties still further improves the activity, this is noticed as cell viability. The various bioactive moieties comprising the fragments 4-nitrophenyl phosphoryl moiety, isoleucine methyl ester, cysteine methyl ester, phenyl glycine ethyl ester, 4-hydroxy phenyl glycine ethyl ester, L-histidine methyl ester and tryptophan methyl ester moieties were found to be important to display MCF-7 breast cancer cell line activity. Of all the twelve derivatives two compounds 8 and 9 exhibited the highest anti-cancer activity. The potent activity of compounds 8 and 9 reveals that cysteine methyl ester, L-phenyl glycine ethyl ester are promising pharmacophoric moieties for their outstanding activity when compared with other derivatives. Compounds 7-10, 14 and 16 displayed better activities in 20 µg/mL concentration when compared to positive control and parent drug (ribavirin). Moderate activity was observed in 12, 13 and 15 at 20 µg/mL concentration. Three compounds 5, 6 and 11 showed significant increase in the cell viability in all concentrations when compared with positive control.
Finally, we state that all the derivatives showed promising to moderate activities based on their different moieties attached to phosphorus atom of the phosphorylated derivatives of ribavirin. 
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EXPERIMENTAL
Chemicals purchased from Sigma-Aldrich, Merck and Lancaster, were used without further purification. All solvents used for spectroscopy and other physical studies were reagent grade and were further purified by literature methods. 23 Melting points were determined using a calibrated thermometer by Guna Digital Melting Point apparatus. Infrared spectra (IR) were recorded as potassium bromide (KBr) discs on a Nicolet 380 FT-IR spectrophotometer. Absorptions are reported in wave numbers (cm and stirred for 36 h. The progress of the reaction was monitored by thin layer chromatography (TLC). After completion of the reaction, TEA hydrochloride was removed by filtration and the solvent was removed in a rotaevaporator. The residue was dissolved in chloroform (10 mL) and washed with 1M hydrochloric acid solution (2×15 mL), saturated sodium bicarbonate solution (2×10 mL) and then water (3×15 mL). Then the organic phase was dried over MgSO 4 and distilled under vacuum. The residue was purified by column chromatography on silicagel by eluting with 5% methanol in chloroform.
5: Yield: 77%. mp: 158-160 
13
C NMR (100 MHz, DMSO-d 6 ): δ (ppm) 27.1 (C alip ), 42.3 (C alip ), 54.6 (C alip ), 64.0 (C-5'), 71.1 (C-3'), 73.1 (C-2'), 84.2 (C-4'), 86.6 (C alip ), 92.1 (C-1') 
Cytotoxicity assays Trypan blue assay
In vitro experiment was performed to assess the anticancer properties of phosphorylated derivatives of ribavirin by means of Trypan blue assay on MCF-7 breast cancer cell lines and determined the viable cell count of MCF-7 after the treatment with the test compounds 5-16 and compared with both the positive and negative controls.
Trypan blue solution was mixed well with cell sample solution. 24 The culture was mixed to resuspend the cells. Culture sample (25 µL) was removed and dispensed into a microfuge tube. Trypan blue solution (0.4%, 20 µL) was added to the same tube. The above solution was mixed gently aspirating and dispensing the solution with the micropipette. The sample was transfered to hemocytometer center and put the cover slip on top of the hemocytometer. The cell culture, (10 µL) was aspirated, holding the micropipette straight up and dispensed into a notch of the hemocytometer. The solution spreads through capillary action. On observation of the cells under the microscope with 100X magnification, found that the live cells are clear and the dead cells are blue in color.
MTT Assay
Cryopreserved cells were harvested from prepared flasks and count was made by using hemocytometer. Cells are diluted to a density of 5×10 2 cells/mL in cell culture media. 25 DMSO was added as Vehicle control, 1% Triton-X as positive control, ribavirin and Phosphorylated deriv-atives of ribavirin 5 to 16 in 10 µg/mL concentration in the cells. Cells were grown in tissue culture grade, 96 wells and flat bottomed microtiter plates. A final volume of 100 µL culture medium was added in each well and incubated in a humidified atmosphere at 37 o C and 6.5 % CO 2 for 48 hours.
After the incubation period of 48 hours, the plates were removed from incubator and 10 µL of MTT solution was added, mixed gently for 1 minute in an orbital shaker. The plates were incubated for 4 hours in an incubator. After incubation the formazan produced in the wells appeared as dark crystals at the bottom of the wells. These salt crystals were insoluble in aqueous solution, but solubilized by adding the solubilization solution and incubating the plates overnight in humidified atmosphere (e.g. 37 o C, 6.5% CO 2 ). The solubilized formazan product was spectrophotometrically quantified using an ELISA reader. An increase in number of living cells results in an increase in the total metabolic activity in the sample. This increase directly correlates to the amount of purple formazan crystals formed.
MTT Assay: % Cell Viability = (sample abs/media control abs) × 100.
CONCLUSION
A series of novel ribavirin phosphorylated derivatives 5-16 were synthesized and evaluated their anti-cancer activity. The antiproliferative activity of compounds 5-16 against MCF -7 breast cancer cells was examined by Trypan blue and MTT assays. Cells were exposed to compounds 5-16 and cytotoxicity was determined with Trypan blue and MTT assays. The nature of moieties attached to the phosphorus atom influenced the activity of the compounds. Compounds with 4-nitrophenyl phosphoryl, cysteine methyl ester, L-phenyl glycine ethyl ester moieties (i.e. 8 and 9) exhibited more potent inhibition against MCF-7 cell lines, compared to other moieties with better and moderate activities respectively. MTT assay is more sensitive than Trypan blue assay but comparatively exhibited same results because of using same cell line but the results may differ if we could have used other cell lines.
